Introduction
The flavor changing neutral current (FCNC) −0.6 ) × 10 −4 [5, 11] . Although the errors of the data are still large, these deviations from the SM could be attributed to the presence of non-SM flavor violationin the b → s, d nonleptonic decays.
Recently, the CDF collaboration has made the first measurement of charmless two-body [9, 12, 13] . The measurement is important for understanding B s physics, and also implies that many B s decay modes could be precisely measured at the LHC-b. Comparing with the theoretical predictions for these observables in Refs. [14] [15] [16] , one would find that the experimental measurements of branching ratio are in agreement with the SM predictions within their large theoretical uncertainties.
However, NP effects would be still possible to render other observable deviated from the SM expectation with the branching ratios nearly unaltered [17] .
Supersymmetry (SUSY) is an extension of the SM, which emerges as one of the promising candidates for NP beyond the SM. In general SUSY, a new source of flavor violation is introduced by the squark mass matrices, which usually can not be diagonalized on the same basis as the quark mass matrices. This means gluinos (and other gauginos) will have flavorchanging couplings to quarks and squarks, which implies the FCNCs could be mediated by gluinos and thus have strong interaction strength. It is customary to rotate the effects so they occur in squark propagators rather than in couplings, and to parameterize them in terms of dimensionless mass insertion (MI) parameters (δ decays in the usual MI approximation [18, 19] of general SUSY models, where flavor violation due to the gluino mediation can be important. The chargino-stop and the charged Higgs-top loop contributions are parametrically suppressed relative to the gluino contributions, and thus are ignored following [19] [20] [21] [22] . Following the similar way to our previous article [23] , we consider the LL, RR, LR and RL four kinds of the MIs with m 2 The theoretical frame
.1 The decay amplitudes in the SM
In the SM, the effective Hamiltonian for the b → suū transition at the scale µ ∼ m b is given by [24] 
where λ p = V pb V * ps with p ∈ {u, c} are Cabibbo-Kobayashi-Maskawa (CKM) factors, the Wilson coefficients within the SM C SM i can be found in Ref. [24] , and the relevant operators Q i are given as
where α and β are color indices, and L(R) = (1 ∓ γ 5 ).
With the effective Hamiltonian given in Eq. (1), one can write the decay amplitudes for the relevant two-body hadronic B → M 1 M 2 decays as
The essential theoretical difficulty for obtaining the decay amplitude arises from the evaluation of hadronic matrix elements M 1 M 2 |Q i (µ)|B , for which we will employ the QCD factorization (QCDF) [25] throughout this paper. We will use the QCDF amplitudes of these decays derived in the comprehensive papers [15, 26] as inputs for the SM expectations.
SUSY effects in the decays
In the SUSY extension of the SM with conserved R-parity, the potentially most important contributions to Wilson coefficients of penguin operators in the effective Hamiltonian arise from strong penguin and box diagrams with gluino-squark loops. They contribute to the FCNC processes because the gluinos have flavor-changing coupling to the quark and squark eigenstates. In general SUSY, we only consider these potentially large gluino box and penguin contributions and neglect a multitude of other diagrams, which are parametrically suppressed by small electroweak gauge coupling [19] [20] [21] [22] . The relevant Wilson coefficients of the b → suū process due to the gluino penguin or box diagrams, which are shown in Fig. 1 and Fig. 2, respectively, involving the LL and LR insertions are given (at the scale µ ∼ m W ∼ mq) by [19, [27] [28] [29] ] 
where C is the 6 ×1 column vector of the Wilson coefficients and U 5 (µ, mq) [24] is the five-flavor 6 × 6 evolution matrix. The coefficients C
SU SY 7γ
and C
SU SY 7g
at the µ ∼ m b scale are given by
with η = (
The total decay amplitudes
For the LL and LR insertions, the NP effective operators have the same chirality with the SM ones, so the total decays amplitudes can be obtained from the SM ones in Refs. [15, 26] by
For the RL and RR insertions, the NP effective operators have the opposite chirality with the SM ones, and we can get the corresponding decay amplitudes from the SM decay amplitudes by following replacements [32] 
, as well as
for
Then the total branching ratio reads
where τ Bs is the B s lifetime, |p c | is the center of mass momentum in the center of mass frame of B s meson.
In B s → V V decay, the two vector mesons have the same helicity, therefore three different polarization states are possible, one longitudinal and two transverse, and we define the corresponding helicity amplitudes as A 0,± . Transverse (A ,⊥ ) and helicity (A ± ) amplitudes are related by A ,⊥ =
. Then we have
The longitudinal(transverse) polarization fractions
For the CP asymmetries (CPAs) of B s meson decays, there is an additional complication
s mixing. There are four cases that one encounters for neutral B s decays, as discussed in Ref. [33] [34] [35] [36] :
• Case (ii): B 
• Case (iii): B 
where k = 0, , ⊥ for B → V V decays and k = 0 for B → P P, P V decays, in addition,
for CP case (i) and
for CP cases (ii) and (iii).
Case (iv) also involves mixing but requires additional formulas. Here one studies the four time-dependent decay widths for B 0 [33] [34] [35] [36] . These time-dependent widths can be expressed by four basic matrix elements [36] 
which determine the decay matrix elements of B 0 s → f &f and ofB 0 s → f &f at t = 0. We will also study the following observables 
B
with
where P L(R) = (1 ∓ γ 5 )/2 and the operators Q 
The Wilson coefficients C ′ i receive contributions from both the SM and the SUSY loops:
. In the SM, the t − W box diagram generates only contribution to the operator Q 
where (at the mq scale) are given by [19] [20] [21] [22] 
The loop functions f 6 (x) andf 6 (x) can be found in Ref. [27] . Other Wilson coefficientsC
by exchange of L ↔ R.
The SUSY Wilson coefficients at the m b scale C
SU SY i
(m b ) can be obtained by
where
and c (r,s) i can be found in Ref. [38] .
Renormalization group evolution ofC 1,2,3 can be done in the same way as for C 1,2,3 .
In terms of the effective Hamiltonian in Eq. (17), the mixing amplitude M 12 reads
In the SM, the off-diagonal element of the decay matrix Γ s, SM 12 may be written as [39] Γ s,SM 12
where x c = m 
The SM prediction for this phase is tiny, φ 
Numerical results and analysis
Now we are ready to present our numerical results and analysis. First, we will show our estimations in the SM with the theoretical input parameters listed in Table 4 of Appendix. 
∆M s = 17.77 ± 0.12,
In addition, the same set of the MI parameters also contribute to B → X s γ, which the gluinomediated contribution can be found in Ref. [28] . Since the experimental measurement of B(B → X s γ) is in good agreement with the SM expectation, this implies very stringent constraints on NP models. We will also use [9] B(B → X s γ) = (3.55 ± 0.24 ± 0.09) × 10
to constrain the relevant MI parameters. Noted that above experimental data at 95% C.L. will be used to constrain the MI parameters. Table 2 .
LL insertion
In Ref. [49] , the constraint |(δ than ones in Ref. [49] . Moreover, the bounds on the LL insertion with small tanβ by ∆M s , Furthermore, we also explore the LL insertion effects in B s → K ( * )− K ( * )+ decays. After satisfying all experimental data at 95% C.L. given in Eqs. (26) (27) (28) (29) (30) (31) , the constrained LL insertion will not provide significant contribution to B s → K ( * )− K ( * )+ decays. We find the upper limits 
RR insertion
For B → X s γ decay, the situation of the RR insertion is very different from the LL one since the related NP amplitude (arising from right-handed currents) does not interfere with the SM one.
Moreover, the effects of the RR insertion in B s → K − K + are almost negligible also because of lacking the gluino mass enhancement in the decay. Therefore (δ Table 3 . From Fig. 5 and Table 3 , we can see that the allowed moduli and the allowed phase ranges of the RR parameters are also very sensitive to the values of x.
The bound of (δ d RR ) 23 has been obtained in Refs. [49, 50] . The contributions of the product (δ common range when tanβ = 10.
The constrained RR insertion has the similar effects as the LL insertion on the observables
s mixing, and we will not show them here.
LR insertion
The effect of the LR insertion is very different from that of either LL or RR. In these decays, the LR MI only generates (chromo)magnetic operators Q 7γ,8g andQ 7γ,8g . Especially, the LR insertion is more strongly constrained, since their contributions are enhanced by mg/m b due to the chirality flip from the gluino in the loop. Thus, even a small (δ d LR ) 13 can have large effects in B → X s γ and B s → K ( * )− K ( * )+ decays.
The constrained spaces of (δ 23 and we will not show them in Fig. 6 . From the figure, we can see that the allowed modulus of the LR MI parameter is very sensitive to the values of x, nevertheless the allowed phase range of the LR MI parameter is not changed much for different x. We find that B(B → X s γ) puts very strong constraints on the upper limit of |(δ Previous bound |(δ d LR ) 23 | ≤ 0.012 for mg, mq ≤ 600 GeV has been obtained from the constraint of B(B → X s γ) in Ref. [49] . Comparing with Ref. [49] , we can see that, as shown in Fig. 6 (a-c) , the bounds for the cases of x = 0.25, 1, 4 from B(B → X s γ) and B(B s → K − K + ) are stronger than the ones only from B(B → X s γ) although they are at the same order. While, as shown in Fig. 6 (d) for x = 9 case, the constraint from B(B → X s γ) is very strong and
does not give any further constraint.
Next, we will explore the MI SUSY effects on other observables, which have not been (well)
s mixing, by using the constrained parameter spaces of the LR for x = 9 case as shown in Fig. 6 (d) . The numerical results for
s mixing are summarized in the third column of Table 1 . For x = 9, the following comments are in order:
• The LR MI can great increase φ • The constrained LR could affect the branching ratios significantly. The allowed upper limit of B(B s → K * − K + ) could be reduced from its SM prediction, and the allowed values of B(B s → K − K * + , K * − K * + ) are great increased by the constrained LR insertion.
The range of SUSY prediction of B(B s → K − K * + ) could differ from its SM expection significantly.
• The constrained LR insertion has great contributions to all mixing CPAs in B s → K ( * )− K ( * )+ decays, and all mixing CPAs could be largely enhanced. In addition, the
• The polarization fraction f L (B s → K * − K * + ) can be enhanced much by the constrained LR insertion.
For LR insertion with x = 9, we can present the distributions and correlations of B, A and f ⊥ (B s → K * − K * + ), we show them in Fig. 7 (o-p) and Fig. 8 (o-p) , we can see f L (B s → K * − K * + ) and f ⊥ (B s → K * − K * + ) could be affected significantly by the LR MI.
RL insertion
The SUSY contributions of the RL insertion also pick up an mg/m b enhancement relative to the SM. Compared to the LR case, the RL situation is very different since the related NP amplitude does not interfere with the SM one in B(B → X s γ). The RL insertion is much more strongly constrained by B(B → X s γ).
The constrained spaces of (δ 
Conclusions
Motivated by the recent measurements from CDF and DØ collaborations, we have studied the gluino-mediated SUSY contributions to B [51]
The Wolfenstein parameters for the SM predictions: [57]
